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Background: The presence of livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA) in livestock
animals, especially in pigs, gave rise to concerns of pork being a possible MRSA source to the human population.
Monitoring the flow-through of LA-MRSA throughout the meat production chain could be useful. Here, the optimal
sampling location for LA-MRSA isolation on pig carcasses was determined.
Findings: In one slaughterhouse, 40 cooled carcass halves from one LA-MRSA-positive herd were sampled on six
carcass sites (ham, belly, back, forelimb, sternum and abdominal cavity). The obtained MRSA isolates were characterized
using Pulsed Field Gel Electrophoresis. Without enrichment of the samples, no MRSA was isolated from the carcasses.
After enrichment, MRSA was isolated from 19 out of 40 (47.5%) carcasses. The forelimb appeared to be the most
contaminated part of the carcass (17/19 carcasses). Three pulsotypes were detected and the predominant pulsotype
was also the herd pulsotype that was determined in our previous study.
Conclusions: The present study demonstrated that the forelimb is a good sampling location for LA-MRSA. For good
determination of LA-MRSA on carcasses, enrichment is needed. Only LA-MRSA was isolated. Moreover, the farm strain
was isolated from the carcasses, which indicates that transmission from the primary production throughout the
slaughterhouse occurred. The results suggest that good hygiene practices in slaughterhouses are important to reduce
the transmission of LA-MRSA to the human population.
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At present, livestock-associated methicillin-resistant
Staphylococcus aureus (LA-MRSA) can be found in the
majority of pigs, which could be a potential reservoir for
the general human population (Vanderhaeghen et al.,
2010). Therefore, a possible exposure route for LA-MRSA
is thought to be pork, although low numbers of LA-MRSA
have been found indicating a low risk of exposure to the
human population (Van Loo et al., 2007; Weese et al.,* Correspondence: marijke.verhegghe@ilvo.vlaanderen.be
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reproduction in any medium, provided the orig2010). Pig carcasses can be contaminated with LA-MRSA
at the slaughterhouse with farm and/or slaughterhouse
strains. For Hazard Analysis and Critical Control Points
(HACCP) verification purposes and compliance with
microbiological criteria for foodstuffs, control sam-
plings for Salmonella occur on a two-weekly basis at
the slaughterhouse (European Commission, 2005). To our
knowledge, no guidelines are available for the detection of
LA-MRSA on pig carcasses. In the present study, different
sampling locations for LA-MRSA on a pig carcass were
evaluated at the slaughterhouse based on the protocol for
Salmonella testing for the compliance with microbio-
logical criteria or foodstuffs (EC, 2005). Moreover, Pulsed
Field Gel Electrophoresis (PFGE) was performed to gain
insight into the genetic variety of, and possible sources for,
the obtained isolates.s is an Open Access article distributed under the terms of the Creative
mmons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
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house, located in the northern part of Belgium. The
slaughtered pigs originated from a LA-MRSA-positive
farm (Verhegghe et al., 2014). Prior to slaughter, the
herd (consisting of 120 animals) was loaded onto a clean
truck and transported immediately to the slaughter-
house, where it was slaughtered first that day. Approxi-
mately two hours after slaughter, 40 carcasses out of 120
were randomly chosen and one half of each carcass was
sampled in the cooling room: 19 right-carcass halves
and 21 left-carcass halves. Each carcass half was sampled
at six places, being the four locations as described by
Ghafir et al. (2005) together with the belly and the back
(Figure 1). The outside of the carcass half was sampled
at the ham, the belly and the back and the inner part at
the inner side of the forelimb, the sternum and the ab-
dominal cavity. From each sampling location, 100 cm2
was swabbed with an envirosponge (3 M DrySponge;
BP133ES; Led Techno; St.-Paul, MN, US), premoistened
with 7 ml salt-enriched (6.5%; Sodium chloride; 1.06404;
Merk, Darmstadt, DE) Mueller Hinton Broth (MHB
CM0405; Oxoid, Basingstoke, UK). All samples were
transported and processed immediately upon arrival at the
laboratory (two to three hours after the sampling event).
Sixty-three ml salt-enriched MHB was added to the
sponges; mixed manually for 30 seconds and 100 μl was
spread-plated onto a chromogenic MRSA selective medium
(Chrom-ID™ MRSA; BioMerieux, Marcy l’Etoile, FR) after
which the plates were incubated overnight (18-20 h, 37°C).
A ten-fold dilution series of this broth was made in salt-
enriched MHB up to dilution 10−3. The dilution series wasFigure 1 The different locations on the carcass (1: the ham, 2: the
belly, 3: the back, 4: the abdominal cavity, 5: the sternum, 6: the inner
part of the forelimb).incubated overnight (37°C for 18-20 h), after which the
enrichments were spread-plated and incubated onto
Chrom-ID™ MRSA as described above. One suspect
colony per plate was purified onto Chrom-ID™ MRSA
and Tryptone Soy Agar (TSA;. Pure isolates were stored
at −20°C in brain-heart infusion broth (BHI; CM0225;
Oxoid, Basingstoke, UK) supplemented with glycerol
(15% wt/vol; Fisher Scientific, Leicestershire, UK). From
each isolate, DNA was extracted according to Strandén
et al. (2003) and then stored at −20°C until further use.
A MRSA-specific multiplex PCR identified MRSA iso-
lates (Maes et al., 2002). A carcass half was considered
MRSA-positive if MRSA was isolated from at least one
location. A chi-square test and a Fisher’s exact test were
used to analyze the sampling results of the carcass
halves and the results of the different locations, respect-
ively. Given that no positive samples were observed on
the location “back”, these data were excluded from the
analysis. Analysis was performed in SPSS statistics 19
(IBM, Chicago, IL, US) and for all analyses, P < 0.05
was considered significant. A CC398-specific PCR, tar-
geting the restriction-modification system encoding
sau1hsdS1, and PFGE using BstZI (Promega, Madison,
WI, US) as a restriction enzyme were performed with
all obtained isolates as described by Stegger et al.
(2011) and Rasschaert et al. (2009), respectively. The
obtained PFGE profiles were analyzed with Bionumerics
version 6.5 (Applied Maths, St.-Martens-Latem, BE)
using the unweighted pair group method using averages
(UPGMA) with the Dice coefficient (tolerance 1%, tol-
erance change 1% and optimization 1%). Pulsotypes
were determined based on a delineation level of 97%.
Comparison of the pulsotypes with the herd pulsotype
was also performed in Bionumerics (Verhegghe et al.,
2014).
All MRSA isolates that were found, belonged to
CC398, the LA-MRSA complex. LA-MRSA was not de-
tected on the carcass halves after direct plating, indicat-
ing that –for this particular case- the level of LA-MRSA
contamination on the carcass halves was lower than the
detection limit (<7 cfu/cm2). However, it is possible that
an underestimation of the LA-MRSA presence occurred.
Samples were taken after rapid cooling of the carcasses.
S. aureus is able to bind strongly to corneocytes, which
could imply that sponge swabbing might not be suffi-
cient to collect all MRSA present and a more destructive
method, such as cutting of slices is needed as was re-
ported for Salmonella or E. coli (Ghafir and Daube,
2008; Martinez et al., 2010). Another possibility could
be the reduced viability of MRSA after cooling of the
carcasses, even though S. aureus is able to persist colder
temperatures (Onyango et al., 2012).
After enrichment, LA-MRSA was isolated from 19 out
of 40 carcass halves, i.e. 10 right halves and 9 left halves,
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From 17 out of 19 halves, LA-MRSA was isolated from
only one site (15 times from the forelimb; once from the
abdomen and intestine cavity). From two out of 19 halves
LA-MRSA was isolated from two sites (forelimb-ham and
forelimb-sternum). From 18 halves, MRSA was only de-
tected in the initial enrichment broth, whereas on one half,
MRSA was detected up to 10−2 dilution of the enrichment
broth. The MRSA prevalence (47.5%) determined in our
study, which investigated one herd, was higher than the
prevalences observed in two other studies, being 6% and
4% of the carcasses (Beneke et al., 2011 and Hawken et al.,
2013, respectively).
Most LA-MRSA isolates were found on the forelimb
(17 carcass halves) and once on the ham, belly, abdom-
inal cavity and sternum (Fisher’s exact, P < 0.001). No
forelimbs of the carcasses were sampled in the other
studies mentioned above, but MRSA was predominantly
found on the carcass shoulders, which is in close prox-
imity to the lowest parts of the carcass. In the slaughter-
house, it was noticed that the bottom of the carcass,
where the forelimb was located, was visually the dirtiest
part of the carcass. In the evisceration room, the lower
part of the carcasses came regularly in contact with the
side of the evisceration platform. Since MRSA is able to
survive the slaughter process and environmental con-
tamination could also occur, the forelimb is an accurate
sampling location for MRSA detection. However, the
forelimb is not consumed very often in Belgium, which
implies that this location is not appropriate to study
MRSA transmission to the human population and
other locations such as the back or the ham should be
considered. However, only one slaughterhouse and
carcass halves of only one MRSA-positive herd were
sampled during the present study and only one sam-
pling scheme was used. Therefore, to draw firmer con-
clusions, an additional study including samplings of
pig carcasses of different herds at different slaughter-
houses and using additional sampling sites is needed to
confirm the forelimb as best sampling location for de-
tection of LA-MRSA.Figure 2 Comparison of the three obtained slaughterhouse pulsotypes wi
97% (dotted line) was applied to discriminate the different genotypes. Con
number of isolates belonging to the pulsotype on the total number of typ
slaughterhouse), pig/carcass number and carcass location is given.Twenty-two isolates were retrieved from 19 carcass
halves and all isolates were identified as MRSA CC398
indicating that -in this case- no human strains had con-
taminated the carcasses during the slaughter process.
Three pulsotypes were found after characterizing the
isolates with PFGE. Pulsotype I was retrieved from 18
out of 22 isolates (17 carcass halves) (Figure 2). On one
carcass half, pulsotypes I and II were isolated from the
forelimb in different dilutions. Pulsotype I was also the
only pulsotype found in the herd where the carcass
halves originated from (Verhegghe et al., 2014; Figure 2).
When a pig is colonized with LA-MRSA, this bacterium
can be isolated from the skin and the nares (Broens et al.,
2012; Crombé et al., 2012; Szabó et al., 2012). It appears
that LA-MRSA is not eliminated from the carcass during
the slaughter process. For example, singeing of the carcass
might be insufficient to eliminate bacteria from the lower
part of the carcass, resulting in MRSA detection on the
forelimbs. Besides the herd pulsotype, a minority of iso-
lates with other pulsotypes were found on the carcasses.
This indicates that various LA-MRSA strains might be
widespread within the slaughterhouse environment, in-
cluding tracks, lairage and the slaughterline. This could
result in cross-contamination of the carcasses, since it has
been reported that at the end of a slaughter day MRSA
CC398 was widespread in the environment of pig and
broiler slaughterhouses (Mulders et al., 2010; Van Cleef
et al., 2010; Gilbert et al., 2012). Nevertheless, further
research is needed to investigate possible transmission
routes for carcasses in a slaughterhouse. In addition,
molecular characterization of the obtained isolates
would be very valuable to better assess the transmission
risk of (LA-)MRSA to the human population through
contaminated carcasses and pork.
In conclusion, during the present study performed in
one slaughterhouse, it was shown that LA-MRSA is
regularly present on carcasses. After enrichment, the
forelimb appeared a good sampling location to detect
LA-MRSA on a carcass half. During the present study,
only LA-MRSA was isolated. Moreover, the dominant
pulsotype was isolated from the animals of the LA-th the herd pulsotype (two out of 43 isolates). A delineation level of
secutive the dendrogram, pulsotype pattern, pulsotype number and
ed isolates are shown. For each example, the origin (H: herd, SH:
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a transmission from the primary production. The re-
trieval of other pulsotypes on the carcass halves implies
that contamination of the carcasses from the slaughter-
house environment may also occur.
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